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gAtS? ■ 

b ss= hjeju ^jqei sgs^ i^gcHi g-ti- ?iJ.m s=r@g oiesicn <yiisHi_ ssn 



i+ft^. sws gsrs, mm, ss. tas s g , =^ ah^, 2* aioi, 1 *iei 

3 MA! 



E 1a= 3d»e|j2h g=T i+f^£S OI^CHXI^ §g SfHS £2SK?I 9\& 

E 1b£ E lag M<g5[7\ 9i*l SSE. 

E 2a LHXI 2cfc S gSOll COS £EI5 S'tftl^ «g ^Bl £SoK?l §§E. 

£ 3a. £ 3b m E 3eS S ejgoil [LEI- USSms ^ 3^ mV^m l^S gSSPI ?lt^ 

3SE. 

E 3c£ E 3eg ggSIOI *lt> i»2J 39 E. 
E 3tfe E 3eS gS«|-7| ?|£t HEHEE. 

E 4a S! E 4bS g g^og S^r l^SI^^S USi gSotfl *lt[ ±»2J BSE. 
E 4c= E 4a §! E 4b# g'SZW 9\ti S§E. 



(74) CHE4°i 
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«gSPI We ±Xr°] &3£. 

E 5b 3! E 5<fe E 5a 5! E 5c# ggWI Wt> SSE, 

E 6g ESDI Ql^OjS S^r d-tF°j# li2Sr= ]lr§# ggePI We SSE. 

£ st^s §*ras o\mm ssai 7\m\ tmmm oimei^ gar :?se. 

<E32J ~£^Ofl [He gg> 

1, 11, 21, 31: *jEI5 7132: Si£j giftr^ 

3: Si2j gar -i+asn2: tfgg 

22: S^23, 32: tf»9|- 

33: a 1 ^ A^ej34 : g 2 ^ tfSrS* 

40: £§7141: DIE1K 

42: »S §7143, 44, 45: gE^Dr 113 S« 

46: S = 47: §11 01 a 

48: HOIS U J«49: Elfi 

50: *r3 a^5l, 52, 53, 54: ^ g?l 

55: 7H1 ^M60: gbfl 

61: 1 = 62: 33 g= 

e irss sesii ggsi sbihi ae ass, ^ti, sws §*ra e= sw7itts«re!ft 

■OlStHOI. 7113 msm tt&APIO £2UI £9* gOISrTII V 4= SIEU *h bjsji £ W oj g 35t ttg 



S5 men »sa ms, gaie warn oi^oi sch ng^ nioi.as =s«Aifii- ? 

AISOI »§a(H CD-a CMOS H£ ?|ftg EM SfiAISB. 

S«*. fflg S flEIS-(SI) 01^012 MOS SSHXI^EIHJ H£ 33HAI 71I0IM gasfg CH7H 

as e& aosws «seidi, tiioim sa^ra im ±xw msoi a^sa. eo-ehai tii 
dim saai^°i Tie m& a atas tf&M?is ±7521 vgAiii ^ sj^hs trs*!- si 

SilWS CMOS £»ST*0£ 3 OHJEr DBEEI ±73*1 H3E §§011 E AfSSD. ffllSEI ffc»2J ° 

gsi£g AhgEi^ mm£ cmos TiioiM saaet^s a^ei- tm^m cm msm ymotti 

71101 MM -S3 SfSS A^EI^ dS-S,^ ^¥#3 ^EI5(Si)^2J S*eg0l SSoBO^SIOl ^Eie(Si)lF 
2] 7113 3SS0I 87330101: §fe ^3, Oil SB! °3 D 4£5 A|-©E|fe ¥^2^, 

^ e^j ^^oi gornt ohcn, a^nra 7113 ^h^^s b naaa. cp-ei-ai s§ e^ai- 

11' 2 E -^ atKHI gOIShTil .B|SV ^ i!"5H AI^OI &=?&Ll 

gbh^og TflOlM iis^S SS-g (amorphous)2J ^EI5 SgeCK 0|E1 

e BtftB^ 7ji3 ^^01 ^mn ^ as^f ^hcm gtr am°i se^f msm ?>^ai, io c 

/cm'eV §E2J k h £ ae S^F BE^h fl^Sa. 

bje» ±a^i- ngsjg-aoii cp-ef 2oaoiai 10 a oiee s^eis *«oiq. 

IS (Tang) ^ 0|E^°i 37011 °Jth3 <y-tf#0| ^B(bulk) ^XIW 4= 2J^ 5|^°J =])||^ 7 A 01 

01, 3 0|5h°i ^JMOIAIfe EWOI HJSH S33I SeQH eO. *W9, tt»s{21 

5BD ohCHEhE 20A 0|S|S| ^WIOIIAl™ .EM S^hEl^ S^OI LfEfU^I tlHSOii tf»st2| ^1 

B^OIfe e?ll^ 2JID. 

oiEie sxiigM na«H7i welot, ck^wi s^shss ssais »s ^jjuoiiaie Eiy as 221- 
?h b^eies t\o\ ifg ^soi *^eie^ amioi aiAiEiaa. ^eis saM(Si.M) 
ss^(k)s 7 SE^h eieb, mmm^ grt(B)2j §ft »jqecei s^eioi silk v. wu 

et al., IEEE Electron Device Letter, 19, 367 010173). 

I&U efZ.ei m±W) ^7r3fe ffl° slf^OlU LUT^J ^^(N)^l- g^hEl^ 3? 5^2j m 
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± SjTMfl SOI SShai- TtlSOitAJBJ gtJ2:£ °|uH 4a>°1 §g0| TciSrSQIl MUEISCr. 

ekm %±mm m?mn. n zgzi siois snwm ir * 2£ aiwoi s^s 

Q.(K. A. Ellis et al.. Applied Physics Letter, 74, 96? iHIOIXI). 




Ta, Ti mm tmM9\ ^ xmrnm ejh= g w oi^oraa. asm oiae- £&n MS&ra 
flEisaei &sog sfti aeis ±mm\ «ssioii ara- ±nei nsoi «*iso. new, gsw*! 

4ltS 3or3, TaatHI «EI5(SI) 1T^0Ih(AI)0| §71*! Ta,-,AlO, Ta,- 

.sia 521 t*mmm sbapi iss- ^ees em sehb saiai5?idi sick°i ^soi ssei 

£s ^$ti m&^t £3 ttSS 4= 2iCH ohSCKGIen B. Alers et ah, OR TO 

US6060406A). OlEiSt Dl/fl*!" ZEIS *|SHAi^ £W# gstl! (ALD)0| US ^t^fCKQ B 




j*rg£i 3 o 4»ei^ioie^ aaoi sjHiaace mue aa mew, g*r^(ALD)s oissra 

OlElfcl" >ilO|E A^Hfgog ArgEI = £!Sr#2] MS 3SSS £|oB 3E0B£ Hf, Zr, Yir La, Pr, Nd 

^20| £H EiaO. ZrSJ g° Zrtfe EE= ZrSiO, SEISM- 3§*J" oEHs Sflttr. 

Zr0*2| UIS3#*£ 292! EI, ZrSiQ.BJ HI ^2 12.60IEKQ S2EiaD. Zrtfc£ 1 

S OIS SE^ OIWWOI, tfEISatSI 0|§ MH^S 3*H 37*2) XHfl 0|g£^h ZrSiO, 
2J l§a S£7h £0OTXI3 ZrOrSj *!#gOI 4S7ty aa= 3S0I aCh 

MHOfl 2»ra # ZrS1A2| ^EHS Zr# 3 LHXI 5% §E g^oKH ^EIS ^rMS 

S&AIS S° °*<^ (Amorphous) ^EHS ^XlH^Ai ^ ^sf^g 21 ^ 21D(B. 

D. VI Ik et al., Journal of App I ied Physics, 87, 484 HOW). 

ZrSLOSEf OHJEI- HfSLtt-E Ulifctt UEKHStQ. OIERJ- ^EIS EI»(SI rich) ^ 

M— ^fflEiH (Sputtering) g-^^ S^tia^Eil, 01 ^El^lf- il^^l tJMH 

Sl*Ei I 5Si *S«1 ^1 ^(Target)! Ahg^O^ CQ-Ef-Ai , S«KI(ALD)jt 

oieui-a ££si asi-M eoio^i 4= sioiAi z^ti msm ^ si^sj qi^e sr^m eso^ 

^XiJ^iQ. 3EIH 5^E?I- ^^H2 gEjtt S3 2^CK 1§^2:^ £&AI! 

S^^g^CHI tiit« if^ S3 MH^H^Q. SEtL^ 7r!HI(Heat ing rate)7r SOWS 

^OlSOtmH ^SS^S ^XIEI^ 2101 Uh^oKlK 

3 ¥^il fll^SJ AHhiE 7113 S01XI3 LH CHI ^S^Ph S^hOl MSStflat) 

2^01 -i.4V§e oisacfe 2ioi anaacK 




101 SETEIOiaD(lll. H. Lee et a I., OR mt\ US592305EA2 ) 



OISF ^"01 ^El^irSJ 7113 ^X|of3AI ^4=t^ .Sfe sl^^ ^thP# ^^Al?l^l ^IphOt 

SEI5» 3*10" SUB ! *EH2| Si^.a ^ S^(MO^ S^(M=)OI StfS M.^^.O. SWI 01 

gttn Si^Ql, 4'EIE S 4^ S^M g^^fOI l§ar ^EP ^OITiLh M32J 3§^M *^AIS 4 a 
Cfe BjU-^I- MUEI^I UH^Oil DIMS!" 2101 ^fet]" AH^^ S*KIOI R=?^ ^§OIQ. 



CCrEhAi B S2S S»S Olgt^ S§ IhgQflAI SI EhQIH^I !± A| 

Zj-M Sl^H^I 0S1 oH^ ^ ^Ex-il ±^ 13^ ^a «ei ^il^^ HI 3 ^ 

aioi ao. 

a angoj Ai-fiat 7)IOIMg iSr^ E^ OilSEI ±7}2\ ^SAI?I^ S^- £WS 

S*r^(ALD)P Olg^fOI ^El^ ^El^ mtttm SI H^K =^ <^tH SE^ OIM^J 

ai-^ s^g &au^| ?lt»- S S3 OH CDrg &SXII ±AF2j ^3°| SEI5 S 
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§ S t*m ffg 7K6 §gg J2CHS 'UAWKM fe'EIS 7IS £(HI 5ftttt&S}g t*«5|E|, &g 
7h±£S EHIISOILI- 2.Bm AF§5fe .21# g?£3 t-Ch 

s ram [[fg ci-g ^exi §2^ «s sgg ^eis S7ii s>a. ^ s^ai a ii 2 
?ag Mgeioi get* it^^g «S5hEi, a± s^ass <y± Ecisrg M&>m. g?\ m± 
ass g± s-auoi- s klo s o^.tiug Ahgshs 511 ^s»s «h:k 

B g^Oil m-E QE B!Ea ±A|21 tig SB= S^a ?S §§ 5! 4=4 EHUir ?S 3 

Sg iSCHS £AI*t ^ ihi ECJSOIU 2£ E*I7I<HIAI g*IEISI0l 3^ gtfSROI t!3EIE§ t\£ 
2!g 

s ssm c&g as ej-Esii *<g s-gg =^ s^su ?s g§, tri bi-qist ?s s§. 

E3M S§ 5! 4± EfClg" ^gj Sgg 51CHM AAI8K3! =^^°HDI USEIE^ Sf= 21 

1 



SSSf St 

w&m nomm tw2^ 8oo-c oi^sj jqshiai g§Aia ^eis g<MsR-ai Ai-masta. heiu 

tmO\ SiQeHS OI^CHAIS 2^ MOSFET 4A>M X1|2f& 3^ =^ S§2) SE7I- 80Q*C 0|8&y0hA|0t 
»K?I MSOfl *ISO«AiS| ihtiet 3901 fi^EISQI, 01 g *S £Ms E*Clgg Ol'Sftt 

oi aischiai aastetg si a?a» e».?>±g oi«*km siOs»,»*wach. 

g&ssss gar £+agsi ?tis ia^oa uish ^xi swej- g*r »sq. ay eg oiei 
*i- §gg oigsia gas 7152121 thswis gds^g «2skq, □ ^oiis g*r wi 

01 SiOL eiam ^*!ir * £1=01, 01 3? SA># 5*tBg OlglT ^ 2iQ. 

EtH, li(N)S S7ISH31 Sl-O-N ^EH2| ef9|g SSStS ^^S^l SiAI?IH g£(B)SJ g^E 2jfl| 
AID 4= 2471 [fflSOII £JAF= i*fg§ g ii(N)i 7Hi! Silfg 4 SIQ. 

±A>£| HSSj5HHI CUE ag H0I2J 2!SH SiO- E= SiON2f imfe^g OlgSfS 

which nomg tw^ts.^. ms^ m^s^ tl Ta §01 2i°oi, oi°i d-tHiim mi stsa 
n a=ai, oiay d+agg oigsra jsschi slo.o^ ^sacH JHaAigAfcapacjtance^h «*rao= fi 
H7h gta. aeiu oi^ioii ^Ei=(Si)2F ^oi&(Ai)g g^fte isa ^S7F sbhxin sia-si 4S«oi 

4'EI5(Si)2h°| 70S y§St *|Sm 3501^ Y, Zr, Hf S 3^ £!fhSOI Si^Cfl, 

3^21- 5= tmmw m ^Ei=(si)g es§b ^goi sfs-sas 12^ sheisiq. 

QSWI. ZrOlU Hf AFa£J i+tHMS ISSh £E7h ^71 QSH SfHS SAIAI?PI Z\MM= 

Si.Zr^O, E^ SLHf,-,0, ^EHS ^EIS(Si)OI §7£|0)0t fi2^0|Efe §2hE LB6HIK 

ccfsi-Ai e g-gtniAi& s?ig i^^ai t±± ztcmm oisti- sw# gsiass ^ihig s*mioi 

a ES SE°I 5^01 fill-^o S OI^CHAIE^ tJ"CK 

"las oish ess tr^otoi e ^ss ^isi ssspis t^a. 

e us gd+a^ai- s*r d+a-sf«3 oi^chai^ i+ti^ «s use ssspi ^ai-°i sseoih, 

E \bt E lag gSSPI *lth SSEOID. 

E 1a^ 61 El 5 715(1) £MI § A if^(2)g SSAI2.I § «Aegm(2) gfll g*ri»Sh5«3jg ^EH 
21 3SESAI, 3A|, a£( Tl )2J 15 LHOII t*± EHII& E= £Sg SSSIOt ^EIS 7|5T(1)2| I 
SOII =H2| gAjs^(2)0| «§EIES tCK 

2^01 U 6.^ EfLI&g Al-gStOI gd-as^ g§AI3l= 2? S£= -i+i EAhS AUSfe 3^ 

so- yoisD. nam aeraiss soo-c 01^21 seoiiai mum^m «§-ai?ich, mm?i ss- se?i 

fef» 3? 7IS2I ^Eg SiAiaCf. OlEh »S SE HOW *l§« 2^ g*IEI &^(RTP)g OlgSfCH, 
S=°J ^AUCHI Sitli 71521 SE7I- 51EIES 

HtH LH¥21 SE(L)§ S"iA|gl ^ SE7I- 5SEI3 fflAI(Purse) Sgg atS^LK OICHAI, I5U1 LH¥WI 

^eis S7ig e^ siHig s^tj- * axi ggg stssm am lh^wi em7^§ gs§ioi ^ 

71 gd-tl^(2) feKHI ^EI5 g*fA^sj-(3)0l «SEIES *HIh. 

4>7l2h aOI 4'E|= S^a IHAI, 3.2 ES 5i EtClg" ?g S fflAIS Oi^OlAIS ?7|2J B 

*T ggg B.^51°g ^AISKH £JSF= ^1)021 d+thefg g£Ql. 

4^71 ^EI=(Si) S^aS AfgEIS 4'EI= S7|g i2^SS SKOC^H,)^ (TEOS), Si(N(CH,) : ) 4 (TDMAS), 
Si(N(tH,)-) 4 , SI(CH,)4. SI(C-H«) 4 Sg:0IS*KM, 91s 7l;iSS gEh^OKHI 2|S| ^HS 5i EFPS" 

(0*), Ah2|Aig OlSShOI 2£ 25(0.) II OlStJD. OIEI^ &± S\Qtt ES 2£S Sh§«OI #01- 
AIS01IAI s^g ^ A^eioi SSEIES ^Q. 
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TQMASM AI-gSKM, 0| 3^ 300 LHAI 500-C2J £E0ilA1 BS ABJ **E^ £m^(SiO_OOI 

g^Sa. HE1U B £IAf# S^(Autoa Layer Deposition) OISSES *]■ ^7|(Cyc!e)01l 

S*T£I= dtrSSI aithCSelf-limitingja^lB, S*T ^E?F BTEF SS 10 LH XI 30 A J=J)i|2| g*fOI 

oi =oi xi no. oi a ^e^ abH°j h^iei-e us*!* sack as voahj g^a^ 

m SSAI^Ifea 30B AIZKJI ±£E|EM gSSOU SSt!" WDI1 M2!Ch 

^, girsr^s i+asHHi tun tab mso\ mn sfgoi era g^r ^i-^oti um ^e 

7\ izEIQ. EKFAi B i^S 715(1)21 MS Oil 34+5^(2)8 °]-A|^( In-situ) g*j 

sq. 

E 2a LHAI 2cfe B ITS Oil COB 4! 3 5 S^iW »BS SS5I-7I Slti" BSEOILh 

EE 2a= £EI5 3^*0 ^a, HXL ^ EhClIT 53, fflXI 5! S± Effl» ^S^S ^EIS 
B^B^ EAIV S§E£A|, EIGHTH- EhC|IT2| AI3B ZmtM &A3i 3 

±2] iSHIS BOItlQ. 

E 2tt Si FU (R£ E|£*E^ CH,, yt, NCH., OQA §) HAL 3HU0I- S EICIIT 5H£ 
S OI^CHAi^ £EI5 S^SKSI-0-N)5{- **2 Sl-Sg EA|*Kh 

E 2c£ £EIS S^fll fflAL N.0 ^a S! IHAI5 DI^OiAl^ £E|£ g&Sj- «g2ra« EAItt 5 

SEfflB, 01 tfc&ffl- 8±2| HIM fliom?! 01 HQ. EQEI-AI E 2dCHl EAIS \4W & 

oi 6!Ei5 g^ais ^as!- * an §gg aAimn, njjm ^atj- $ axi s§g ^ai^-q. heih 
&?m mo\ &± acmm m^zibrw zsm ^t^mzs. mow ^ a^i 

ej-e, £Eie s^aifih NtOsj-s &s M^t\^ e 2c°i s§s ggBflKi^)^ $m a^Aia^ 

21^1 WSW 0\± §E ^01 ^fetKlFS E 2cSJ g™m 201 ^EOilAI ^EioF 

Ch 

E 3a LHX| E 3d^ B SSOfl CO-HI- H°2tl 1\%W SSoPI 

EOICK 

^Wl^ Ta, Ti, A\g U[L\R[ V, Zr, Hf &e^2| E^ St^CK 2^ 

aiS^ S7IMS M(0R),°J ^AmiE TIB 11- M(NR.),2| 0E! MS S! MR,HJ BTH »B(PS CHb, QA, 

ckv, ca §21 sra?im Ah^ra, e»s ^ efci^ e^ Mgya. a«# s 

^T(ALD) ^CHIAI- MCI, S^aSr HsW ^ A^fOI 5^ ^tBS S*TAISQ. 33 U B ^ f 

SCHIAI^ ^^IM£J 2^1-iiah tf£ EhP^ &gfi OlgshOl tfSSS S^AiaQ. S^ISS 01 S 

^i-^oi sip-, mm, om ^01 s^g! ^moi thoim aji^o^ a^eib ^ai-bj t^ct ^eh 

SD. SSAI2! * s £i ^01 H g^PKHlAi ^01 SAIEIE^ §ra B 

i2| SSTE e^fl ^CHAIH ^|BJ HEE ^O^IQ. CDEfAl E 3aCHI EA|£! UI9- ^01 73S(T ; )0flA| 3 
^ S^SO ^S, IHAL El-Lllf SI OI^OIAI^ §*TS &g§ha2 gE(L)g fe^AI?! 3 

^ E^ ^ EKIIS* SSPIOUI g*IEIM ^AltTQ. 
sBOil Hf E^ Zr2J iftrglfll 4*EIS3| SIHUA E^ SLZn-A tfEIMOlM^ 

^soiiAiE ewe anEisia. ^Ei5i g^^ioi mmm ^soi e 

3bWI EAISCh 

e 3fe ^Ei5 s^ai ^a. ihal g^(M) a^?a ^a, eal ^ ehciw ^a axis oi^chai^ 
<ytr# §^ 2mm eaio^ql oi^iai^ mz\sw s^(M)°j ssui saoi ga^o. ^ 

El^Hr^J ^Stfl ^EI5Ih 3^2| ^a AIZM 51tf£S^ OI^OiSQ, ^El^Sh S^2J 5gOI 

S§ ^Pl- BWSOII OKI- S§& S§ AI2NB °AJ*>CK 

^EIE tMTOI g^KIS g^2S ^^1- gOJAITII EIA|°| ^E^h ^OrAI^ S§0| £1^1 

tnsoi flisiF ttrsj- LHOiiAi°j ss# zmzm eis mq si^bj ^zim goithn 5W^i^s*a 
sai# g^as B^siej s§-# ^oio^ 201 cm s^om. 

QHMSOi, E 3e0i| EA|£! bf£f ^"01 ggOl StUSOII COEh ^EI^SJ ^a AiZ^ S^A|5P 2^ 
3C-B2I ^a AlZ!"a e^hAI^IS E 3d2J EAI^! Um SOI ^E|^ 7|»(11)3|S| TUSSS^H S 

011^^ i!SS(12) LH2J ^EIE «S0| S^iSQ, 

E 3c^ £EI^ 7IEKin feHHI «*M( 12)01 ^EHSAI, ^El? 7|&(11)2ra TflS^S^EI 

gCHS^s ^ &mm()2) LH2J *!EI5 SgFOI ^EH^f EAI^Q. 

E 4a 9 E 4b^ B ^ h S(H! CUB g^5^ tig figoPI ?|^ BSEOIH, E 4c^ 



15-5 



^2003-0018134 



§gE0IP-. 

E 4a£ £EI5 715(21) 4011 3^(22)1 gSftr 4-EH2I 33E0I2, E 4b£- S7|g 52;±0fl ^ 

4 EhCI91 &§7r53 0188101 471 3^(22)g i+fW?|HSA»| 511^(23)01 *4£] 4EH21 3 
3ESA1. £ 4dHI EAia UI2I- 901 3X1, 78S(T S )0|AI S 4a21 901 3<^1 S*TAI2! £ SES §71AI 
91 2S(T,)2| 55 EJQiTOil S^OI bigtlES ShESMI 5SPK23)0I ««SQ. 

E 4c21 901 WS(T.-)OflA| 3^ i£i ?S. fflXI, 4=5 EICI9 ?S 5! fflXI SSI B.^°S ^ A|SF 

01 Sofe =1)8 2| =^0| g*{£|ES tl $ SE1 §7|A|?1 HS(T,)2| 55 EICI90II 3^01 ingEIEs 
ol-ESMI 5£rS«23)0| *!4aQ. 

0121 goi «ga 3*% agftws 3§a aim 3&ql oiEitt §§s sosm ssoi 7is 

tt' g^ei 3S0II3 

E 5a S! E 5c£ 3^(N,)21 PS 3^(M-)2j $##01 5trE|0l 0l¥O1X|^ 3^5 5trSt S4 UrSs 
ggS|-7| ?I5 5X r 2| S3E0I2, E 5b S E 5d£ SgEOIP-. 

e 5«fe ^eis 7i5(3i) gm 3^ immo\ ±*m\o\ oi^oo 3^ 5^(32)01 «gg 4ehs*i. e 

5b0fl EAIS b»21 901, SI 1 3^(MJ S^St ?H. fflXI, SI 2 g^(M-) QIXI. 55 BP 

9 a fflxi §§# ^Aises^ gei= 7i5(3i) 4011 3** 5t r sr(32)oi «4aa. 

E 5c*= 715(31) 4011 3^(M,)°£ 01^015 SI 1 3** 52^(33)21 5^(N.-)2g OITOIS SI 

2 3^ aaiBK34)oi acHs sj#a ^?5e eai?j- 33EMAi, e sm. EAia urn 901, si 1 3^?(m,) 

53. 073. 55 BP 9 ££J. H 2 3^(H-) S^M ?S. fflXI, ^ EKLI9 a fflXI §g 
1 4'AISIOI ££15 715(31) 4011 SI 1 3** dSrS«33)l|- SI 2 3<$ 55^(34)01 2 CHS 

*!#EIE^ 5D. 

^, E 5a a E 5b= =-71X1 3^ SltHl 5»A|3>I 3^? 5SPfg «4Sr= 71 SIAISfe BJ3, E 
5c a E 5cfe ^7CT£| 5ShgOI SIGHS ^#EIE^ & 7|#g SIAItfQ. 

&7\2\ 901 a?ai a BICI9 AlZtej 3E^0« [OBI- £2WS1 ^EH^l- BE>S 4 Si^DI, g^^S 
7I0IM daSfS 711301 KOI £SH^H ^ME^ mS0\ T^SBLIES i*SS0\ fl^S 
^EH°I i!Sh^ AlgOl ±A>SJ ig *3MA| SBISICh. 

E 6B E10I 0I^CH2 ilS^g ^«oh= 2fSS ggS|7l ^ItJ- SgESAI, ^gj, 
ffl XI- t*± EI-LI9 HAL ESM 2^X11 ?2J, ItlAI, EJCI9 ?S a HAIS OI^CHSO-. 

3^ E£ 5^2J 5SIS0II 4^2| !f!g ES&fOI 7113 *S0I 5^e}# ««§|71LK 

ToGLOl E= 9^Dlsl §7|SK)1 i+gefg «gSh= 3^ ig *f6(# 9|o|| ^71^ 901 E3M 

2^?tiiM Aigtia. oimi, esms ei-li9s aaAiao-. 

E 72 SAls OlgSKfl SfESI 715011 £M|-M# S^S^ PI§EI= §*T S*I2| 7SEOIQ. 

5 SSM AhgEI^ §*T SOI^ 7^2) SSOI 2R ^gsj^g ^j^g « tiHJSJ- SAhS S*T« E= 

f^7i^ssre(Hi a^.sisa * siq. 

S7I1 i£i2| 2° CH¥M ^EHS £ IDS 17 1 HUSH. 73S §71(42)011 751 §51 01, 571 2J sSifg 

5§sfe oiEiu »js(4i)2i =3, k oii ma §7iaa S7is ^a^7i aui(60)s sgaa. e voiis =■ 

7H2| 5!jS| S7IM ±2.± AH§ §7171 EAIEICH 2J733, □ i2^7| §£9 ©711 4719 ^ 
SIQ. 

§71 4tH2| °»m i£ii SeitlS- 7HBI01 7hiS= 0|-S5(Ar) §01 A1§El^ai. 0l£1tf 7HEICH 71i 
= 7^ 73§ §7l(54)0fl AISEIDI, 7H1 SM(55) S Slf 5g7l(Mass Flow Controller; 40)21 §2*0|| 
tDSf.am(60)S SS&Q. &§ 7hiS A1§E|^ ^M»)= 71^ 7=IS §7|(51)0il X12EI0L 7H1 H JM 
(55) S SIT 5371(40)21 g3}0fl CO-Ef ME f ^0| 9§&fl(43)g §3£|D1. ME1£i0|0|| 2|SH $± EfP 
9 §EH£ 'S«HS ^ SSEH(60)S §33111. e>§ 7I^S ArlEI^ 5i(0)^ 7h± AIS§7I(52)0II 73S 
EICH 7H« SH(55) S SIT 5§7|(40)2J gSfOII [UEI SEr^OI- (44) E^ A|2li! 9«S &*|(E 

AI&S)S S2EIDI. SEh^OKHI 2|§| &± Ehd9 «EHS SSHS $ Sb)(60)S SS2ICH d$ 
g^L'Cf. li(N)c 7^ AH§ §71(53)011 TflSEIDI 7HII BM(55). a °1T 5S7|(40)2| gsffll CCFEh 
SEI50I- 9«SS(45)S §2EIDI- 1EI20KHI 2|SH ECI9 ^EHS S?HS $ IStH(60)S g23D. IS 
EH (60)2| HH^CHI= SIIOIiH (47)71- ?|X|EI01, 3IOIttl(47)2| ^SOUS S^lxlEIg ?ltj- Q4=2| 15= (46)71 

EtJ-, ^71 sgtH(60)Ofl^ LH¥2| M*I7I1 £H2§ gmg. 3171 E1M MA> SE(49)7h TflOlM S 
¥(48)1 €oU 31EJD1, ^71 E1M MAI 1E(49)^ 7^5SM(50)1 SffH gE(61) a 35 § = 

(62)21 saaa. 

ZM. 4^71 S7|g 52.i a 2tz*2| 7^71 §321^ 5^= mM 471 15(61) a 35 

15(62)21 si am. 



15-6 



^2003-0018134 



#%*\ um &oi s <g£m stgsi-oi ^2 a s=f 

£!-tpm ssskb, sws §=rgs ois*km &m^, stm^ a tsie» §*r^ia, ^ 

m ois^ra sg°i i^Hi a es ^e^j 5101 goisioi, §s a aia ^soi ^ 



1 

£EJs S§ a tf& SI'S §§§ IH CHS ^AluhOj £EI5 ?IS e^ti-m 

1 sssra, ±m Bfs #± Eiaa-oiu ass AFgui— a# ^sss m= ei-Esii ± 

W°| 13^ «S SB, 



HI 1 WW SICHAL 

fe^i seis seis s^si a sm, § ot awei ag ^g^s ess 



£E|^ S3I > S^ai^ Si(0R) 4 2| BmAKflE Hfl, SKMt)^ Ora Till a SiR*°l 8IH HH2| m 

mm ±%mv\, g?\ r^ at, (at .cut a c*e! as na^s aaa . 



M 1 tm 2JCHA1, 

m®°^ sh= asa ^7j2i gsst sb. 



s?i s*K+»em vgftpi son #± ekiboiu ois*j Btt&33££ #71 a aa ?is &hhi 
■atms ehw a ±%mo\ 01^01x1^ am ^shs esa ±asi ss^ » 
a. 

7JI 5 VM aOIAI, 

^1 sister ^ a #71 §*r<y»^^^ a-Ai^ g-^i^e ^aiei^ ae mg£^ 



£Ei5 a^?aL ^ a^x-i a m± a^ais A^ohoi seis stfs^s s«era, a-^i ^ 
Ahse^ m^s^. &s.m ±mi 

8 

^1 £E|= S^IS SiR,H| gl Tflfl SSS 5tmK)1, ^1 Oi, C^, NCH, a 0^°! a 

M ^S^S oh~ ^EsII ggsj g^. 



i% 9 
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M 7 *W SIOiAl, 



sj\ abaters &\ ^sie a^xii ?a #?i t+± eiciu- ^a a &?\ m 

■* EHUI* S§S| £*|*!°! 2*8011 2|flj 2i i§2£ Sfe SSa ±A£J 



10 

1 7 WW SICHAI, 

fe^i ^ei^ si+a^s ^£15 %?\m e=?m sa s§, g9i a-suoi- sa s§ s a* ekust 
?a stioii 215H ««£i£ as ^s®s yea *jg sb. 

*ll 7 tfOI SitHAI, 

4'ei= stasis, g sis zjiw &=?n ?a 33-, &y\ ito a g^i d+i ?a 

3*»(HI HJtH «gE|^ fg£S Sfe BJ-ESII i^2| 13°t «g SB. 

12 

a^a ?a §s s ii-si ei-s ^a ss« ame ^aisioi ^eis £hw g^d&sii 

SSehEL £K7I iKh BIS i+i EtCIITOlU SMS AfgS(£ 51 1925 §fe ±7^2] 

g^s 13 

Jill 12 %m SIOIAI. 

fe^l g^iTSPatS « <!+± EEIST S9C7|0IA| SSEISfe BTflS □ StfSIOI OWOlXIfe 

as Sfe SEill i7J°J §S°t §g 

14 

M 12 *J-0fl SICHA1, 

4^1 ^ ^a s§ son -gEi= erm ?a ssm ^aisis etoim a stmoi oi^chxi^ 
as ig°e essi ^°i igsr «^ 

s^tr 15 

SI 14 %m stow, 

^Eis £wsi ^a s§ a #?i a?si 2?a ewimai a'sea- =^°i sag «s ai 
aw sjjj as ^gss.s^ -osn ixra -aSSf era. 

§^ 16 

Jill 15tKHI 2101 AL 

67i 4'Eie gqiffl ?a §§ s ?a ssoi em ^aieidi, 4'eis a?ai^ 

fag&Aias ssi- ^ai?ih, 4^1 &^n\?t ?ati= ?s Aias §7hAi3i ^eisw s 

17 

Till 12 tJ-OII S101AI, 

4^1 a^ai ^a s§= 2 btiis ^Aiam, zj- e^iwiai qhe 3^ s^sii^i ai^ei^ as sg 
°g sfe ersm ^wsi «s g-s. 

18 

SI 12 *h01l 210IA1, 
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#71 s^si 2 epis ^Aiara, ^ eaiom ce 2?j§# ai^ejii 

EPI $ #71 ?\± Sfi! SSOI flAIEIOI A1S 8H°1 tfaparoi ^sa 

Ei 211 m^^s. t[= ±u/e\ tis . 
g^tr 19 

s^s ^a a $± acis ^a §§s schs sai*!- * &± aaaoiu as sspiohai 

I5EISI01 8t»aSH)l SHr 211 HS^S «fe &SJO nasi- m& ens. 

20 

21 

so 12 v. n 19 *i s& n 20 trot siow, 

#71 2^ S?SI = M(0R)x2J S^AWIE All SI- M(NR2)x°J OhSJ TUB S! MRx2J BS711B1 SSJflKJI. # 
22 

731 12 « 31 20 tMH) StOIAI, 

a^I =^AhgefS £S e ®=?m^ TiO,, TfcOt, Aba, Zrffe, Hf Ob, V.JO. S LsA. 640. S! 

Pr-0, 2[ Sl« g^2J § Oihi tU°l 28 i§2S Sfe &£J| IS 2 ? 

SB. 

3^23 

SI 19 tWW SiCHA), #71 ^ SirSF^S #71 ESI S^SPI- ?ai! TiCb, T&A, AIA, Zrffc, HfGb. 
V.O. S| Lard, 64-0. 9! Pr.-O. 21- ITS g»&3? S^2J g 01 hi SIU3 211 «3^S 5l~ 91ESII 

ixra SB. 

H 7 tJ-Ofl SlOiAl, 

#71 £EI5 l#»e^ SAhS g=IB(«.D)®S §gEI = 21s ofe B1E*II £A12| S3St« 

s ami. 

731 12 «■ £& H 20 ttfHI SlOW, 

#71 S^ilsJHj-s gAl-S g*ttt(ALD)£S ^SE|= 21s i§°S sfe ±7m §3^ «g & 

B. 

S^26 

731 19 «hm aoiAi, 

#71 ^ SWs S*rai(AlJD)SS SgE|£ 211 *fe BS^ 

US. 
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